The etiology of oropharyngeal dysphagia can be broad, and includes aging with atrophy, debilitation, stroke, neurodegenerative and muscular diseases, tumor and postsurgical deformity, as well as effects due to medications and drying of the mucosal membranes. Pathophysiology depends on the multiple causative factors, including the cortex and neural connections to generate the swallow, as well as the oropharyngeal musculature. While chronic debilitation and age may result in nutritional deficiency and poor hydration, the other causes generally present with aspiration risk more acutely. Bacteriologically, aspiration pneumonia is usually polymicrobial with a predominance of Gram-negative enteric bacilli. However, there is emerging evidence to suggest that odontogenic sources may complicate the severity of bacterial load. The principles behind science-based interventions are primarily aspiration assessment with bedside evaluation, and ultimately modified barium swallow (videofluoroscopy) or functional endoscopic evaluation of swallowing (with or without sensory testing). Each has its advantages and logistical concerns. Intervention and rehabilitation is unique to the patient's needs, but may include reconditioning and therapy with a speech and language pathologist, and surgical options. The emerging roles of neuroplasticity and external neuromuscular stimulation are also discussed.
Introduction
Oropharyngeal dysphagia is impairment to a critical portion of the swallow mechanism. It results from a spectrum of associated diseases and disorders, as well as normal aging. While a normal intact swallow meets nutritional and Interventions hydration needs, oropharyngeal dysphagia chronically may result in malnutrition and dehydration. The oropharyngeal swallow involves a rapid, highly coordinated set of neuromuscular actions beginning with lip closure and terminating with opening of the upper esophageal sphincter [1] . Since the oropharyngeal component to swallowing is a critical portion that not only propels the bolus of food but also results in laryngeal protection, oropharyngeal dysphagia increases aspiration risk. This review paper is based on a series of presentations at the Second International Course on Oropharyngeal Dysphagia in Mataró Spain May 5-6, 2011 , and the existing broad body of literature to supplement the subjects presented.
Pathophysiology of Oropharyngeal Dysphagia
The etiology of oropharyngeal dysphagia can be broad, and includes aging with atrophy, debilitation, stroke, neurodegenerative and muscular diseases, tumor and post-surgical deformity, as well as effects due to medications and drying of the mucosal membranes. Pathophysiology depends on the multiple causative factors, including the cortex and neural connections to generate the swallow, as well as the oropharyngeal musculature. The well-known phases of the swallow include oral preparatory, oral, oropharyngeal and esophageal. However, there is a strong suggestion to include cortical as well as laryngeal function.
Rofes et al. [2] explored the pathophysiology of oropharyngeal dysphagia in frail elderly patients (FEP), comparing 45 FEP (81.5 ± 1.1 years) with oropharyngeal dysphagia and 12 healthy volunteers (40 ± 2.4 years) via videofluoroscopy (VFS). Healthy volunteers demonstrated faster laryngeal closure, upper esophageal sphincter opening, maximal vertical hyoid motion, and stronger tongue propulsion forces. In the FEP group, 64% had oropharyngeal residue, 57% had laryngeal penetration and 17% had tracheobronchial aspiration. As expected, FEP with impaired swallow safety had higher 1-year mortality rates (51.7 vs. 13.3%, p = 0.021) than FEP with safe swallow. They concluded that weak tongue bolus propulsion forces, slow hyoid motion and delayed laryngeal ventricle closure result in the impaired efficacy and increased aspiration risk.
The cortical control of swallowing was recently reviewed by Michou and Hamdy [3] . They summarized the newer data from neurophysiologic and neuroimaging studies that emphasize the integration and interconnection of the diverse swallowing cortical network. It is also clear that sensory input influences swallowing cortical activation. As such, it may reasonably be suggested that cortical and brainstem function should be included as a critical component of the normal swallow, in addition to the oral, oropharyngeal and esophageal phases [4] .
With this in mind, the need for cognitive assessment in the bedside swallow study was addressed by Leder et al. [5] in an attempt to correlate the cognitive state with aspiration. They developed a protocol for dysphagia testing that began with verbal stimuli to determine patient orientation status and ability to follow singlestep verbal commands including mouth opening, sticking out their tongue and smiling. They studied 4,070 patients over a 7-year period. They found the odds of liquid aspiration were 31% greater for patients not oriented to person, place, and time. Patients unable to follow single-step verbal commands were at 57% greater risk of aspirating liquids, 48% greater aspiration risk of aspirating puree consistency, and 69% at greater risk of being unsafe to take any oral intake. Table 1 summarizes the physiologic components of a normal swallow required for intact oropharyngeal function. As demonstrated here, cortical awareness of the bolus in the mouth required to trigger the oropharyngeal phase can be affected by stroke, dementia, traumatic brain injury, and neurodegenerative disease (such as multiple sclerosis). Upper and lower motor neurons, also responsible for tongue thrust and pharyngeal squeeze in the oropharyngeal phase can similarly be affected by tumor or prior surgery of the neck or skullbase, as well as neurodegenerative disease (such as Parkinson's, and amyotrophic lateral sclerosis). Musculature necessary for the swallow is commonly affected by atrophy induced by aging, deconditioning and sarcopenia. Neuromuscular disease as in myasthenia gravis may also impair normal muscle function in the swallow. Sensation is supremely important to be able to recognize the bolus to have conscious and reflexive protective mechanisms against aspiration. Oral and laryngeal sicca also impair sensory function. 
Complications of Oropharyngeal Dysphagia and Aspiration Bacteriology
While chronic debilitation and age may result in nutritional deficiency and poor hydration, the other causes generally present with aspiration risk more acutely. Bacteriologically, aspiration pneumonia is usually polymicrobial with a predominance of Gram-negative enteric bacilli. El-Solh et al. [6] investigated the microbial etiology and prognostic indicators of 95 institutionalized elders with severe aspiration pneumonia. Gram-negative enteric bacilli were the predominant organisms isolated (49%), followed by anaerobic bacteria (16%), and Staphylococcus aureus (12%), with a total of 67 pathogens identified. The crude mortality was 33% for the aerobic and 36% for the anaerobic group (p = 0.9), with hypoalbuminemia (p < 0.001) and the burden of comorbid diseases (p < 0.001) as independent risk factors of poor outcome. Due to the presence of anaerobic bacteria in aspiration pneumonia, there is the suggestion that odontogenic sources may complicate the severity of bacterial load. This was addressed in a systematic review of 34 articles over a 40-year period [7] . The authors concluded that there was '(1) an association between poor oral hygiene and respiratory pathogens, (2) a decrease in the incidence of respiratory complications when patients are provided chemical or mechanical interventions for improved oral care, (3) the complex nature of periodontal disease and aspiration pneumonia make direct connections between the two challenging, and (4) additional studies are warranted to determine adequate oral hygiene protocols for nursing home patients to further reduce the incidence of aspiration pneumonia' .
Science-Based Assessment of Aspiration Risk
As discussed above, the bedside evaluation should always precede objective measurement of the swallowing mechanism and aspiration risk. In the compromised patient, all studies are dependent on patient performance and have the potential for precarious findings when a patient is fatigued. The main principles behind science-based assessment are primarily (1) identification of aspiration risk with bedside evaluation, and (2) ultimately modified barium swallow (VFS) or functional endoscopic evaluation of swallowing (FEES, with or without sensory testing). Each has its advantages and logistical concerns. Table 2 shows that VFS has the advantages over FEES of being able to examine the oral preparatory and oral phases, follow bolus during pharyngeal squeeze, and assess cricopharyngeal function and passage to esophagus. On the other hand, FEES has the unique advantages of being able to directly visualize nasopharyngeal and laryngeal anatomy, directly assess sensory defects, and possibly directly observe pooled secretions and aspiration of saliva before the swallow. There are also logistical concerns to be able to perform either test, as shown in table 3.
These include patient transport to a radiology department for VFS, exposure to radiation, and the need for multiple personnel such as the speech and language pathologist, radiologist and radiology technician. Many FEES systems also allow for the storage and retrieval of real-time images related to the swallow evaluation, whereas VFS usually views real-time images during the exam but saves static images for later retrieval and review. Ultimately, the test of choice depends on availability of resources and trained clinicians.
Tabaee et al. [8] compared the addition of sensory testing to FEES (FEESST) with VFS in dysphagia testing, reviewing 54 patients who underwent both studies within a 2-week period. Forty-one percent of patients were not eating by mouth at the time of FEESST, and the mean interval between the two examinations was 5 days. Laryngeal examination revealed edema/erythema in 93%, impaired pharyngeal squeeze in 66%, decreased laryngopharyngeal sensation in 82%, and absent laryngeal adductor reflex in 30%. FEESST with all consistencies revealed pooling in 89%, penetration in 83%, and aspiration in 65% of patients. VFS revealed pooling in 65%, penetration in 67%, and aspiration in 54% of patients. Comparison of FEESST and VFS revealed full agreement in 52%, minor disagreement in 13%, and major disagreement in 35% of patients. The addition of fiberoptic endoscopic dysphagia severity scale (FEDSS) for acute stroke patients, grading dysphagia into 6 severity codes (1-6; 1 being best), has also been introduced [9] . Severity of FEDSS has been shown to be a predictor of functional outcome at 3 months after stroke, as measured by the modified Rankin Scale. Each increase of 1 point on the FEDSS conferred a more than 2-fold increased chance of developing pneumonia. The odds for the necessity of endotracheal intubation raised by a factor of nearly 2.5 with each additional point on the FEDSS.
Belafsky and Rees [10] later recognized the limitation of FEES not exploring the esophagus for a comprehensive assessment of dysphagia, and compared 21 patients who had guided observation of esophageal swallowing with concurrent VFS and/or manometry. They found concurrence in 71% with VFS, and 83% with manometry. More importantly, the procedure identified pathology not detected by fluoroscopy and manometry in 62% of patients.
Science-Based Interventions and Discussion
Intervention and rehabilitation is unique to the patient's needs, but may include reconditioning and therapy with a speech and language pathologist, and surgical options. Ashford et al. [11] performed a systematic review of behavioral interventions for dysphagia, predominantly of neurological origin (brain injury, stroke, Parkinson's disease, and dementia). The seven behavioral treatments investigated included three postural interventions (side lying, chin tuck, and head rotation) and four swallowing maneuvers (effortful swallow, Mendelsohn, supraglottic swallow, and super-supraglottic swallow). While many of these are used in clinical practice, the authors found a paucity of objective evidence in the literature, and no studies were found to address the effortful swallow or the super-supraglottic swallow.
There are, however, emerging potential roles for the concept of neuroplasticity in therapy, and for transcutaneous electrical stimulation (TES) in selected cases. In a working group of experts in swallowing and dysphagia, 10 principles of neural plasticity were proposed that suggested the potential for therapeutic interventions that can change targeted physiology related to dysphagia [12] . One example may be the use of alternative sensory pathways as feedback during the swallow in a patient with partially impaired laryngeal sensation. Muscular plasticity should also be of benefit not only through reconditioning the atrophic muscles, but also in the way of using novel muscle groups to compensate for permanent impairments in other muscle groups needed for functional swallowing. While there is little objective evidence suggesting the role of neuroplasticity for dysphagia interventions thus far, there appears to be enough analogous evidence to suggest its potential.
There is still controversy surrounding the use of TES on the neck for dysphagia rehabilitation. The target of stimulation is commonly the hyolaryngeal complex which is needed for laryngeal elevation, and thus laryngeal protection during the oropharyngeal swallow. While studies demonstrate hyolaryngeal depression when the lower neck is stimulated, submental TES has not been found to effectively elevate the hyolaryngeal complex [13] . However, further study in this and other emerging technologies is warranted.
Conclusion
This review focuses on the pathophysiology of oropharyngeal dysphagia, particularly as it relates to cortical dysfunction in a variety of disease states and aging. Clinical assessment when a patient presents with signs of aspiration or aspiration pneumonia requires bedside and objective assessment, including FEES, FEESST and VFS. Behavioral interventions are frequently used in oropharyngeal dysphagia rehabilitation, yet there is a paucity of evidence and further study is warranted. The emerging concept of therapy target at neuroplasticity as well as other proposed technologies offers encouraging options on the horizon for the treatment of oropharyngeal dysphagia.
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